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With advancement in digitizing tablets, and the increased resolution and reduction of input noise, computerized 
assessment tool have been proposed as an alternative method to diagnose handwriting difficulty.  Computerized assessment 
tools reduce dependency on subjective evaluation by objectively quantifying handwriting parameters necessary for 
evaluation.  Professional manpower for assessment is limited and less accessible.  Therefore, the computerized evaluation 
provides a convenient option for early detection of handwriting problems. 
Several computerized assessment systems have been developed for this purpose.  The computer-based handwriting 
assessment tool developed by Falk et al. [5] uses a digital tablet and pressure sensor for assessment.  In the system, quality 
scores used in MHA test, including legibility, form, alignment, size, and space are quantified and utilized together with 
analysis of grip force and temporal parameters as a screening method for children suffering from handwriting difficulty.   
The Computerized Penmanship Evaluation Tool (ComPET), or previously known as Penmanship Objective Evaluation 
Tool (POET) is another computerized system that uses digitizing tablet to collect the temporal parameters to distinguish 
between users with and without handwriting difficulty [6], [7].  The parameters involved in the analysis include total time, 
time used per character, ‘in-air time’, and speed of handwriting.  Those with handwriting difficulty generally performs 
slower in writing task, and may need additional ‘in-air time’ i.e. time spent when pen tip without touching paper surface, 
than normal writers.  Further improvement on the system integrates spatial measurements as parameters, in which pressure 
based segmentation algorithm is used to segment out ‘single, fluent’ unit in Hebrew alphabets for further analysis [8].  
Significant difference had been found between children with and without handwriting difficulty in number of ‘raw 
segments’ and number of ‘direction reversal segment’.  
The identification of ‘raw segments’ and ‘direction reversal segment’ when writing Hebrew alphabets proposed in 
ComPET suggests a possibility of using segmented written trajectories to assess children’s handwriting. Our work attempts 
to assess children’s handwriting by comparing the stroke formation of written Latin alphabets to conventional rules of 
alphabet formation taught in school using computer based system.  As such, we developed a method to identify the strokes 
used for the formation of alphabets, together with the sequences and directions of each stroke.  This paper presents the 
algorithms used to identify the type and directions of the strokes from input characters. 
2. Methodology 
The proposed computerized handwriting assessment tool attempts to identify children with handwriting difficulty based 
on the hypothesis that children who do not follow conventional alphabets formation rules usually suffers from handwriting 
difficulty.  Therefore, the system will first identify the combination of strokes written, along with written sequences and 
directions.  The information obtained will then be compared with conventional formation rules. An algorithm to recognize 
and determine the stroke segments from a written character is developed.  The general flow of the proposed approach is 
illustrated in Fig. 1. 
This approach accepts points of the written strokes or characters in x-y coordinate from an input and analyze the 
relationships of each point with its consecutive point to determine type of the strokes involved in current handwriting.  
Using the same approach, the direction used to draw each stroke can also be determined.  For our system, the alphabet 
writing is currently done using computer mouse input.  In the following sections, the detailed methods used in the system 
will be discussed. 
2.1. Classifying Different Categories of Strokes 
To identify the strokes produced, the system will first classify the strokes into three categories, which are (a) simple 
straight lines, (b) curve, and (c) complex straight lines.  Simple straight lines include vertical, horizontal, and oblique lines.  
Complex straight lines refers to combination of two or more simple straight lines written in one stroke, such as ̭, ޒ, ޔ, or 
Z.  Other strokes that contain curvature, including circle and semicircle, are categorized as curve strokes. 
To classify the input strokes into the three categories, the angle difference between each consecutive pair of points are 
computed as shown in Fig. 2.  The set of angle differences, |ș -ș0|, is computed by subtracting the current angle, ș from the 
previous angle.  These angle differences are analyzed to differentiate the type of stroke involved.  If all of the |ș -ș0| are less 
than 30°, the input stroke is categorized as simple straight line.  The stroke is categorized as a complex straight line if there 
is any pair of |ș -ș0|k - |ș -ș0|k-1 with magnitude that exceeds 50° but below 180°. 
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Fig. 1. General flow of proposed handwriting assessment algorithm. 
   
Fig. 2. Calculating angle ș between points pt1 and pt2, with pt1 as reference point. 
2.2. Determine Types and Direction of Simple Straight Line 
The type and directions of simple straight line can be identified by applying the eight-directional code as shown in Fig. 3, 
where x is the location of current point, and the directional code (ranging from 1 to 8) [9] is determined according to the 
location of next point coordinate from the current point..  
pt1 
pt2 ș 
1827 Chin Chea Neo et al. /  Procedia Engineering  41 ( 2012 )  1824 – 1829 
 
Fig. 3. Eight directional codes. 
The written stroke will be determined according to the highest frequency of directional code detected in the current 
strokes by using Table 1. 
Table 1. Directional Code and Represented Stroke Types 
Directional Code Shape of Strokes Type of Strokes Stroke Direction 
1 
 
 Left to right oblique line Upwards to right 
2 
 
 Horizontal lines Rightwards 
3 
 
 
Left to right oblique line Downwards to right 
4 
 
 
Vertical line Downwards 
5 
 
 
Right to left oblique line Downwards to left 
6 
 
 Horizontal line Leftwards 
7 
 
 Left to right oblique line Upwards to left 
8 
 
 Vertical line Upwards 
2.3. Determine Types and Direction of Complex Straight Line 
Complex straight lines are defined as various combinations among two or more simple straight lines of different types.  
Therefore, the identification of complex straight lines can be done by segmenting the input stroke into sub-strokes that 
contains only simple straight lines.  Segmentation is done at the point where abrupt change in angle difference occurs, 
which is when 50° < |ș -ș0|k - |ș -ș0|k-1 < 180° is detected.   
2.4. Determine Direction of Curve Line 
The direction (clockwise or anticlockwise) of the curve line drawn can be determined by the analysis of the degree 
between consecutive angles, ș.  The angle computed will be grouped into 8 quadrants, that is: 
 
x Q1 when -5°< ș < 5°, which is from 355° to 0°, and 0° to 5°. 
x Q2 when 5°  <ș <85°, 
x Q3 when 85° < ș < 95°, 
x Q4 when 95° < ș < 175 ࡈ° 
x Q5 when 175° < ș < 185°, 
x Q6 when 185° < ș < 265°, 
x Q7 when 265° < ș < 275°,  
x Q8 when 275° < ș < 355°, 
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To determine the direction of the curve, the quadrant changes is identified, whereby a quadrant change combination that 
follows numerical order implies clockwise curve and vice versa. 
3. Results and Discussions 
The algorithm was tested with a set of inputs containing 10 different strokes drawn using a computer mouse as shown in 
Fig. 4.  The results of the analysis are summarized in Table 2.    
(a)     (b)     (c)     (d)     (e)  
(f)     (g)     (h)     (i)     (j)  
Fig. 4. Input stroke patterns (a) to (e) (above), and (f) to (j) (below) listed from left to right. 
Table 2. Result of the Analysis for Input Set in Fig. 4 
Input Pattern Stroke Categories Type of Strokes Stroke Direction 
a Simple Straight Vertical Line Downwards 
b Simple Straight Oblique Line Left to Right, Upwards 
c Complex Straight 1. Oblique Line 1. Left to Right, Upwards 
  2. Oblique Line 2. Left to Right,  Downwards 
d Curve -  Clockwise 
e Curve -  Anticlockwise 
f Curve -  Clockwise 
g Complex Straight 1. Horizontal Line 1. Left to Right 
  2. Oblique Line 2. Right to Left, Downwards 
  3. Horizontal Line 3. Left to Right 
h Curve -  Anticlockwise 
i Complex Straight 1. Oblique Line 1. Right to Left, Downwards 
  2. Horizontal Line 2. Left to Right 
j Curve -  Clockwise 
 
It can be seen from the results that for simple pattern, e.g. input (a), (b), (d), (e) and (f), the algorithm can classify the 
strokes into correct categories.  For simple straight line input (inputs (a) and (b)), the type of strokes involved and also the 
direction used to produce the strokes are successfully identified. However, for curvature input in (d), (e), and (f), the 
algorithm does not give any relevant information about the degree of curvature and also cannot differentiate between curve 
shapes like ‘c’, ‘u’, ‘n’, and inverted ‘c’, even though the direction of the production of curve can be identified.  
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For the analysis of complex straight line input, it can be noticed that the algorithm works well for input with sharp and 
explicit corner as in input (c) and input (g).  However, for input 8 with round corner, the algorithms cannot detect the corner 
and misidentified the stroke category as a curve.  Similarly in input (i), the upper half of stroke with round corner is also 
ignored, where only the lower half of the stroke with sharp corner is detected and the whole stroke is segmented into two 
parts.  For strokes that contain both straight line and curve, as in input (j), the algorithm can only classify the stroke as a 
curve.  
4. Conclusions and Future Directions 
This paper proposed a basic algorithm to identify the type and direction of strokes written according to the input in xy 
coordinates. This algorithm works well with basic input patterns. The recognition of the writing strokes is to be used as part 
of an assessment tool to evaluate handwriting performance based on conformity with conventional alphabet writing rules. 
Additional features for classifications and further improvements are needed to improve this method, including more 
accurate identification of curve shapes according to ‘c’, ‘u’, ‘n’, and inverted ‘c’ type or detecting other types of curve 
strokes, such as in alphabet ‘S’. Further analysis on relationship among series of input points and also relationship of input 
with writing space is needed to develop more effective features for recognition of these stroke patterns.  
When the types and directions of stroke used in alphabet formation can be identified, children’s handwriting can be 
compared with conventional method of character formation as taught in school to distinguish between children who follow 
the rules from children who do not. The results can be used as an early stage screening methods to determine the children 
who possibly suffer from handwriting difficulty problem.  
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